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ABSTRACT 

The very metal-poor star HE 0338-3945 shows a double-enhanced pattern of 
the neutron-capture elements. The study to this sample could make people gain a 
better understanding of s- and r-process nucleosynthesis at low metallicity. Using 
a parametric model, we find that the abundance pattern of the neutron-capture 
elements could be best explained by a binary system formed in a molecular cloud, 
which had been polluted by r-process material. The observed abundance patter n 



of C and N can be explained by an AGB m odel (IKarakas &: Lattanziol 120071 ) . 



Combing with the parameters obtained from ICui fc Zhan 3 J2006h . we suggest 



that the initial mass of the AGB companion is most likely to be about 2.5M , 
which excludes the possibility of forming a type-1.5 supernova. By comparing 
with the observational abundance pattern of CS 22892-052, we find that the 
dominating production of O should accompany with the production of the heavy 
r-process elements of r+s stars. Similar to r-II stars, the heavy r-process elements 
are not produced in conjunction with all the light elements from Na to Fe group. 
The abundance pattern of the light and r-process elements for HE 0338-3945 is 
very close to the pattern of the r-II star CS 22892-052. So, we suggest that this 
star HE 0338-3945 should be a special r-II star. 
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Introduction 



The two neutron-capture processes, i.e. the (slow) s-process and the (rapid) r-process, 
occur under different physical conditions and are therefore likely to arise in different astro- 
physical sites. The dominant site of the s-process is thou ght to be the asy mptotic giant 
branch (AGB) phase in low- and intermediate- mass stars (IBusso et al.lll999l ). The site or 
sites of the r-proce ss are not known, although suggestions includ e the //-driven wind of 



Type II supernovae (Woosley fc Hoffman] 



stars (Lattimer fc Schramm 



197 



4; 



1992 



Woosley et al.lll994f) . the mergers of neutron 



Rosswog et al.l 120001) . accretion- induced collapse (AIC 



Qian fc Wasserburgi 120031 ). and Type 1.5 supernovae (jlben fc Renzinil Il983l ; IZijlstral 12004 ). 
The neutron-capture elements are composed of some pure r-process, some pure s-process, 
and some mixed-parentage isotopes. As a result, when the solar system's abundances are 
separated into the contributions from the s-process and the r-process, some elements are 
mostly contributed by the r-process, such as Eu, and some by the s-process, such as Ba. 
Therefore, Eu is commonly referred to as an "r-process element", and Ba as an "s-process 
element" . 

Observations for metal-poor stars with metallicities lower than [Fe/H] = —2.5 enriched 
in neutron-capture elements have revealed the solar r-process pattern, while only a few 



cases of highly r-process-enhanced stars (hereafter "r-II" stars; ISneden et al.l Il996l . 120031 ; 
Cayrel et al.l 1200 ll ; iHill et al.l 120021 ). have been noted. Despite their considerable metal de- 
ficiency, these stars seem to have experienced an r-process that barely differs from the sum 
of r-processes that enriched the pre-solar nebula. This has led to suggestions that r-process 
production may be independ ent of the initial metallicity of the site , especially for the heavie r 



n-capture elements (Z > 56; ICowan et al.lll995t ISneden et al.lll996l . |2000| ; iNorris et al.lll997l ). 



It is puzzling that sever al stars show enhancements of bo th r-process and s-process 
elements (r+s stars hereafter; IHill et al.ll2000l ; ICohen et al.l 120031 ). as they require pollution 
from both an AGB star and a supernova. The origin of the abund ance peculiar i ties o f 
the r+s stars is not clear , and many scenarios have been presented ( jJonsell et al.l 120061 ) . 
Qian fc Wasserburgi (120031 ) proposed a scenario for the creation of r+s stars. Firstly, some 
s-process material is accreted from an AGB star, which turns into a white dwarf, then, 
during the evolution of the system, the white dwarf accretes matter from the polluted star 
and suffers an AIC to a neutron star. The //-driven wind produces an r-process, which 
also pollutes the companion. A possible problem, as these authors mentioned, is the still 
uncertain nucleosynthesis in accretion-induced collapse, which may or may not produce the 
r-process. Another possible r+s scenario is that the AGB star transfers s-rich matter to the 
observed star but does not suffer a large mass loss, and at the end of the AGB phase the 
degenerate core of the low-metallicity, high-mass AGB star may reach the Chandrasekhar 
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mass, leading to a Type 1.5 supernova ( IZijlstral I2004J ) . Such suggestion can explain both 
the enhancement pattern and the metallicity dependence of the double-enhanced halo stars. 
There is another scenario of the origin for the double-enhanced halo stars. In this picture, the 
formation of a binary system of low-mass stars was triggered by a supernova that polluted 
and clumped a nearby molecular cloud. Subsequently, the observed star, which is already 
strongly enhanced in r-process elements, receives large amounts of s-process elements from 
the initially m ore massive star that underwent the AGB phase and tu r ns into the double 



enhanced star (lAoki et al.ll2002t iDelaude et al.ll2004j ; iBarbuv et al.ll2005l ; iGaHino et al.ll2005 
Ivans et al.lboosh . 



The nucleosynthesis of neutron-capture elements for CEMP (carbon-enhanced metal- 
poor) stars can be investigated by the abundance pattern of r+s stars. Recently, an analysis 
of the element abundances for the CE MP star HE 0338-3 945 (I Jonsell et al.l 120061 ) showed 
that it is rich in both s- and r-elements. iJonsell et al.l (120061 ) reported that this object locates 
near to the main sequence turnoff with metallicity of [Fe/H] = —2.42. They concluded that 
the observed heavy element abundances of HE 0338-3945 could not be well fit by a scaled 
solar r-process pattern nor by a scaled solar s-process pattern. It is a challenging problem to 
quantitatively understand of the origins of neutron-capture elements in the double-enhanced 
halo stars. Although some of the basic tools for this task were presented several years ago, 
the origins of the neutron-capture elements in the double-enhanced halo stars, especially 
r-process elements, are not clear, and the characteristics of the s-process nucleosynthesis in 
the AGB stars are not ascertained. Clearly, the study of element abundances in these objects 
is important for investigation of the origin of neutron-capture elements in these objects and 
in our Galaxy. One might hope that a clarification of the origin of r+s stars may shed some 
light on the general questions concerning the sites of r- and s-processes. 



It is interesting to ad opt the parametric m odel for metal-poor stars presented by lAoki et al 



( 120011 ) and developed by IZhang et al.l (120061 ) to study the physical conditions that could re- 
produce the observed abundance pattern found in such type stars. In this paper, we investi- 
gate the characteristics of the nucleosynthesis pathway that produces the special abundance 
ratios of the r- and s-rich object HE 0338-3945 using the AGB parametric model. The 
calculated results are presented in Sect. 2, where we also discuss the characteristics of the 
s-process nucleosynthesis and the possible origin of their r-process elements. Conclusions are 
given in Sect. 3. 
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Results and Discussion 



By comparing the observed abundances pattern with the predicted s- and r-process 
contributions, we explore the origin of the heavy el ements in HE 0338- 3945. We adopt the 
parametric model for metal-poor stars presented by IZhang et al.l (120061 ). The abundance of 
the ith element in the envelope of a star can be calculated as follows: 

N t (Z) = C s N h s + C r N h M Fe/H] , (1) 

where Z is the metallicity of the star, s is the abundance of the ith element produced by 
the s-process in the AGB star and r is the abundance of the ith element produced by the 
r-process (per Si = 10 6 at Z — Z Q ), whereas, C s and C r are the component coefficients that 
correspond to contributions from the s-process and the r-process, respectively. The extremely 
metal-poor star CS 22892-052 merits special attention, because this star has an extremely 
large ove rabundance of neutron-capture elemen t s relative to iron with [Fe/H] = —3.1. Many 



authors f Cowan et al.lll999l : ISneden et all 11999. 2000, 120031 : iNorris et al.lll997l : IPfeiffer et al. 



19971 ) suggested that the abundance patterns of the heavier [Z > 56) stable neutron-capture 
elements in very metal-poor stars are consistent with the solar system r-process abundance 
distribution, and this conc ordance breaks dow n for the light e r neu tron-capture elements in 
the range of 40 < Z < 56 ( Sneden et al.ll2000l ). IZhang et al.l (120021 ) reported that when the 
abundances of the lighter elements in CS 22892-052 are multiplied by a factor of 1/0.4266, 
the abundance distributions obtained for both heavier and lighter neutron-capture elements 
are in accordance with the solar system r-process pattern . This star could h ave abundances 
that well reflect the nucleosynthesis of a single supernova (IFields et al.ll2002l ). so the adopted 
abundances of nuclei Ni t r in equation (1) are taken as the solar system r-process abundances 



(lArlandini et al.lll999l ) for the elements heavier than Ba, and for the lighter nuclei we use 
solar system r-process abundances multiplied by a factor of 0.4266. There are four parameters 
in our model for r+s stars, such as the neutron exposure per thermal pulse At, the overlap 
factor r, the component coefficient of the s-process C s , and the compon ent coefficient of th e 
r-process C r . Using the observed data in the sample star HE 0338-3945 (IJonsell et al.ll2006l ). 
the parameters in the model can be obtained from the parametric approach. 

Our best-fit results are shown in figure 1. For HE 0338-3945, the curves produced 
by our model are consistent with the observed abundances for almost all the 21 heavy 
elements within the error limits. The good agreement between the model results and the 
observations provides strong support for the validity and reliability of the derived neutron- 
capture nucleosynthesis parameter s. The overlap factor r is a fundamental parameter in the 
AGB model. At solar metallicity, iGallino et al.l ( 1998 ) found that the value of the overlap 
factor r is between 0.4 and 0.7 in their standard evolution model for low-mass (1.5 — 3.0M Q ) 
AGB stars. The overlap factor deduced for HE 0338-3945 is r = 0.40, which lies in the above 
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range. The overlap fa ctor for different ini tial-mass AGB stars as a function of metallicity 
has been presented by lCui fc Zhang (120061 ) (see their Figure 1). Considering its metallicity, 
we suggest that the mass of the primary star (former AGB star) is less than 3.OM , i.e. it 
lies between 2.0 and 3.0M o . 



The neutron exposure per pulse At is another fundamental parameter. IZhang et al. 



( 120061 ) have deduced neutron exposures per pulse for other s-enhanced metal-poor stars, and 
found they lie between 0.45 and 0.88 mbarn -1 . The neutron exposure deduced for HE 0338- 
3945 is At = 0.77 mbarn -1 , which also lies in above range. In the case of multiple subsequent 
exposures, the mean neutron exposure is given by To = — Ar/lnr. We note that the value 
of r = 2.92(^) 1 / 2 mbarn" 1 (T 9 = 0.1, in units of 10 9 K) for HE 0338-3945 is significantly 
greater than that of Tn = (0.30 ± .01)((j-^g) 1//2 mbarn -1 , which is best fit the solar system 
abundances (jrCappeler et al. 1989 ). In fact, the higher mean neutron exposure favors the 
more amount of much he a yier e lements produced, such as Ba and Pb etc. For the s-only star 
CS 30322-023. ICui et al.l (120071 ) obtained its mean neutron exposure, i.e. To = 2.38(p^g) 1 / 2 
mbarn -1 , which is lower than that of HE 0338-3945. Based on the observation results 



(jJonsell et al.ll2006l : iMasseron et al.l 120061 1 . we can find that the abundance ratios of [hs/ls] 
= 1.36 (where hs denotes the 'heavy' s-process elements, such as Ba, La, Ce and Is denotes 
the 'light' s-process elements, such as Sr, Y, Zr) in HE 0338-3945 is larger than that of [hs/ls] 
= 0.79 in CS 30322-023. This is consistent with the relation between the two mean neutron 
exposure for these two stars. [Pb/hs] is particularly useful in investigating the efficiency of 
the s-p rocess site (|Straniero et al.ll2005h . Using both the convective model and the radiative 
model. ICui fc Zhangl (120061 ) have calculated [Pb/hs] versus [Fe/H] for different initial stellar 
mass. Considering the [Pb/hs]= 0.82 and [Fe/H] = -2.42 for HE 0338-3945, we suggest that 
the mass of the former AGB star is about 2.5M Q . 

For CEMP-s stars the most likely scenario is the pollution by mass transfer from a more 
massive AGB companion in a binary system, the later has undergone AGB nucleosynthesis 
and become a white dwarf. The s-process elements and C abundances in HE 0338-3945 are 
a result of pollution from the dredged-up material in the former AGB star. The measured 
[s/Fe] refers to the average s-process material in the AGB star after dilution by mixing with 
the envelope of the companion that is now the extrinsic star. Other parameters deduced for 
HE 0338-3945 are C s = 0.0050 and C r = 61.0. During the AGB evolution, the convective 
He shell and the envelope of the star are overabundant in heavy elements by factors f s heii 
and f env> i, respectively. The approximate relation between f env< i and f s heii is 

AM dr 



f, 



env, 1 



hell; 



(2) 



where AM^ r is the total mass dredged up from the He shell into the envelope of the AGB 
star and M\ is the envelope mass of the AGB star. For a given s-process element, the 
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overabundance factor f env> 2 in the extrinsic star's envelope can be approximately related to 
the overabundance factor f env 1 by 



/. 



env, 2 



AM 2 

MS 



f. 



AM, AM, 



dr 



env, 1 



Mf M[ 



shell ; 



(3) 



where AM2 is the amount of matter accreted by the extrinsic star, M| is the envelope mass 
of the star. The component coefficient C s is computed from the relation 



fenv, 2 _ AM 2 AM dr 

f shell ~ Mf Mf • 



(4) 



It is found that substantial e nhancements of carbon and nitrogen with respect to iro n 
are common among CEMP stars (ICohen et al.ll2003l ; llvans et al.ll2005t iJonsell et al.l 120061 ) . 
AGB nucleosynthesis models for low initial mass (< 2.5M ) show that carbon is produced by 
the 3a reaction during thermal pulses, but not nitrogen because it is burned during the same 
helium shell flashes, while for higher mass AGB stars the dredged-up carbon effectively con- 
verts into nitrogen by CN-c ycling at the bottom of the convective envel ope (hot bottom burn- 
ing, H BB; iPols et al.l 120081 ). Detailed evolution models of AGB stars (IKarakas fc Lattanzio 
20071 ) showed that HBB sets in at significantly lower mass at low metallicity (3.0M Q at 
[Fe/H] = —2.3) than that at solar metallicity (around 5.OM ). In figure 2, we show the 
enhancements of N and C relative to iron in HE 0338- 3945 and compare them wit h the 
predicted abundance ratios for AGB models according to IKarakas fc Lattanzio! ( 120071 ) with 
Z = 0.0001. The possible abundance ratios of the companion polluted by a former AGB star 
with different initial mass are plotted as solid lines. From this figure we can see that AGB 
stars with masses between 2.0 and 3.0M Q produce nitrogen and carbon in the right amounts 
to account for the observed abundances, after accretion of the material by a low-mass com- 



panion and subsequent dilu tion in its envelope. For 2.5M Q , the factor 



AM* 

Mf 



is about 1/6 

( IKarakas & Lattanzioll2007f) and comparing the observation abundance of C and N with the 
calculated results of IKarakas fc Lattanzio! (120071 ). the dilution factor f or HE 0338-3945 
is about 1/33 (see figure 2). The value of C s = 0.0051 is deduced from equation (4), which 
is close to our calculated value, i.e. C s = 0.0050, for HE 0338-3945 using the parametric 
model. As the obser vational abundance ratios of [C/Fe] = 2.13±0.15 and [N/Fe] = 1.55±0.17 
( IJonsell et al.l 120061 ) . we believe that HBB does not hap pen in the AGB companion , i.e. the 
initial mass of the AGB companion is less than 3.OM (IKarakas fc Lattanzio! 120071 ) with its 
metallicity considered, which is in agreement with t he obtained re s ults. It should be men- 
tioned that the C and N abundances come from the IJonsell et al.l (120061 ) ID LTE analysis 
based on the CH and CN molecule lines, however, which are uncertain, due to the strong 
temperature sensitivity of the CH and CN molecule formation. Preliminary results for the 
3D corrections may amount to approximately —0.5 to —0.3 and —0.5 dex for carbon and 
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nitrogen, respectively (lAsplund fc Garcia Perez Il200ll ; lAsplund 112004 ; iJonsell et al.ll2006l ). 
The results, when the 3D corrections of —0.5 dex for carbon and nitrogen are considered, 
are also shown in figure 2. We can see form this figure that the 3D effects do not influence 
our results. 



Zijlstral (120041 ) suggested that the strong metallicity dependence of mass loss during the 
AGB phase leads to a steeper initial-final mass relation for low-metalliciy stars, that is, for 
a given initial mass, the final mass is higher for metal-poor stars. Therefore, the core of, 
e.g., a metal-poor star with [Fe/H] = —3.0 having an initial mass of 4.0M Q would reach the 
Chandrasekhar mass, leading to a "Type 1.5" supernova. In such a supernova, r-process 
nucleosynthesis might occur, and the surface of the companion star observed today could 
have been polluted. Our results imply clearly that HE 0338-3945 should be polluted by a 
2.5M AGB star, which could not cause a "Type 1.5" supernova. The component coefficient 
of the r-process calculated for HE 0338-3945 is C r = 61.0, which means that this star and 
its AGB companion should form in a molecular cloud that had already been polluted by 
r-process material. 

Apart from carbon and nitrogen, we concentrat e on o xygen enrichments as possible 
tracers of the origin of CEMP stars. IJonsell et al.l (120061 ) derived a super-solar oxygen 
abundance of [O/Fe] = +1.40 in the halo star HE 0338-3945. In figure 3, we show the 
enhancements of O and C relative to iron observed in HE 0338-3945 and compare these to 
the abundance ratios i n the material lost by AGB stars with [Fe/H] = —2.3 according to the 
Karakas fc Lattanziol (120071 ). The abundance ratios of the companion polluted by a former 
AGB star with different initial mass are plotted as solid lines. This figure shows that AGB 
stars with masses between 1.25 and 6.0M Q do not produce enough O to account for the 
observed abundance. This means that O doesn't mainly come from the former AGB star, it 



must have another origin. It is noteworthy that the O abundance derived by IJonsell et al. 



(120061 ) based on I D LTE analys i s of th e O I triple lines, which are known to be sensitive to 
the NLTE effects. IJonsell et al. (2006) estimated the NLTE effects were to be ~ —0.1 dex. 



However, recently, iFabbian et al. 



(120091 ) have redone the O I NLTE calculations with new 
electron collisional data, which leads to much larger NLTE effects, about —0.3 to —0.6 dex 
for the given stellar parameters. However, the exact corrections depend on the still uncertain 
hydrogen collisional cross- sect ions. For this star, we estimate that the NLTE correction of 
O is of the order of —0.5 dex, and the result is also shown in figure 3. From this figure, we 
can see that the O abundance in HE 0338-3945 is still not reproduced by the AGB model, 
even if the NLTE corrections have been considered. 



The observed results for HE 0338-3945 (IJonsell et al.ll2006l ) are shown as filled circles in 
figure 4, where the red solid line represents the results calculated by the parametric model, 
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while the black solid line represents the results given by iKarakas fc Lattanziol (120071 ) for 
2.5M© AGB model adopting a factor of 1/33. It can be seen that there is good agree- 
ment between the observation data on C, N and these of the AGB model within the error 
limits. It is interesting to simultaneously analyse the observed light and heavy elements to 
study the physical conditions that could reproduce the observed abundance pattern found in 
this star. Indeed, some very metal-poor stars, such as CS 22892-052, h ave high abundance 
ratios of heavier neutron-capture elements, e.g. Eu (ISneden et al.l 120031 ). CS 22892-052 pos- 
sibly record the abundance patterns produced by the r-process and is called as an r-II star. 
In this star, the abundances of neutron-ca pture elements are in remarkable agreement with 
the scaled solar system r-process pattern (ISneden et al.l 120031 ) . This is the first determina- 
tion of the overall abundance pattern that could represent the yields of the r-process. The 
abundances in this star must have been printed and enhanced by the r-process elements and 
other elements which are produced in conjunction with the r-process. In order to investigate 
the light elements pattern in this r+s star, we use CS 22892-052 as an r-process only star, 
and plot its o bserved element abu ndances normalized to Eu in this figure, too (see the blue 
dash dot line; ISneden et al.l 120031 ) . It is believed that Eu is mainly made by the r-process. 
For the two stars, HE 0338-3945 and CS 22892-052, shown in this figure, have almost iden- 
tical abundance pattern from N to Cu including O, but the C and heavy s-process elements, 
such as Ba and Pb, differ greater than 0.8 dex, which indicates that the origin of C and 
s-process elements is AGB stars. Because the overabundance of O and C for HE 0338-3945, 
could not be explained simultaneously by any AGB star (see figure 3), we can conclude that 
the production of O should accompany with the production of the heavy r-process elements 
for this r+s star. We note that though the overabundance of O for HE 0338-3945 is larger 
than that for CS 22892-052, but when considering its also larger overabundance of Eu, the 
abundance pattern of O and r-process elements for HE 0338-3945 is still close to that for the 
r-II star CS 22892-052. It can be found that the heavy r-process elements are not produced 
in conjunc tion with all the elements from Na to Fe group elements, which is similar to r-II 
stars, too (IQian &: Wasserburg! 120071 ) . Combined the calculated results of neutron-capture 
elements, we find that the abundance pattern of the r-process and light elements in HE 
0338-3945 is vary close to that of the r-II star CS 22892-052. This implies that this star 
should be a special r-II star? In this figure, we do not attempt to correct the C, N and 
O abundance in HE 0338-3945 for 3D or NLTE effects quantitatively because of the still 
uncertain H collisions. Although the corrections are expected to decrease their abundances, 
our conclusions are not significantly influenced. 

It is im portant to discuss the uncertainty of the derived parameters using the method 
presented by lAoki et al.l ( 120011 ). Figures 5 and 6 show the calculated ratios loge(Sr), loge(Ba), 
loge(Pb) and log£:(Eu) as a function of the neutron exposure At in a model with r = 0.40 
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and as a function of overlap factor r with a fixed neutron exposure At = 0.77 mbarn -1 . 
These are compared with the observed abundance ratios in HE 0338-3945. There is only 
a region of overlap in figure 5, At = 0.77to'o4 mbarn -1 , in which all the observed ratios 
referred above can be accounted for. The bottom panel in figure 5 displays the reduced x 2 
value calculated in our model, and there is a minimum \ 2 = 1-008 at At = 0.77 mbarn -1 ; 
the neutron exposure is constrained quite well. The abundance ratios loge(Sr), loge(Ba), 
loge(Pb) and loge(Eu) are insensitive to the overlap factor r and allow for a wider range, i.e. 
0.3 < r < 0.42. 



3. Conclusions 

The chemical abundances of the extremely r- and s-rich star HE 0338-3945 are an 
excellent test bed to set new constraints on models of neutron-capture process nucleosynthesis 
at low metallicity. The neutron-capture element abundance pattern of HE 0338-3945 could 
be explained by a binary system formed in a molecular cloud that h ad ever been polluted 



by r- process material. Based on the good fit us ing the AGB models (IKarakas &: Lattanzio 



20071 ) and parametric model (jZhang et al.ll2006l ) to match the observed abundance pattern 



including the abundances of C and N, we deduce that the progenitor mass of the AGB star 
is about 2.5M . The more massive companion underwent an AGB phase, and produced lots 
of C, N and s-process isotopes. Subsequently, the envelope of HE 0338-3945 is enriched with 
the dredged-up material from the former AGB star. The initial mass of the AGB companion 
is less than 4.OM , which excludes the possibility of forming a Type 1.5 supernova. Overall, 
the predicted abundances for the r /s-process fit well the observed abundance patterns of 
HE 338-3945, for the first (Sr and Zr) and second peaks (Ba and La), as well as the third 
peak of the s-process (Pb). We find that the production of O should accompany with the 
production of the heavy r-process elements for r+s stars and the contribution of O in HE 
0338-3945 from the AGB stars is swamped by the pre-enrichment of O. Similar to r-II stars, 
the heavy r-process elements are not produced in conjunction with all the elements from 
Na to Fe group elements. The abundance pattern of the r-process and light elements in HE 
0338-3945 is very close to that of the r-II star CS 22892-052. This implies that this star may 
be a special r-II star. 

Clearly, it is important for future studies to determine the relation between r-II and 
r+s stars, whether the r-pattern in r-II stars can explain the abundance distribution of the 
r-material in r+s stars. More in-depth theoretical and observational studies of r-rich and r+s 
stars will reveal the characteristics of the r- and s-process at low metallicity and the history 
of the enrichment of neutron-capture elements in the early Galaxy. 
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Fig. 1. — Best fit to observational results of metal-deficient star HE 0338-3945. The filled 
circles with appropriate error bars and downward arrows denote the observed element abun- 
dances, the solid lines represent predictions from s-process calculations, in which the r-process 
contribution is considered simultaneously. The standard unit of At is mbarn -1 . 
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Fig. 2. — Abundance ratios of N and C with respec t to Fe as observed in HE 0338-3945 
with appropriate erro r bars (filled asterisk, taken from I Jonsell et al.ll2006l ). and predicted by 
Karakas fe Lattanziol (120071 ) AGB stars at [Fe/H] = —2.3, with labels indicating the initial 



masses. The cross represents the abundance ratios which have been corrected by 3D effects. 
The initial composition is scaled from solar. The hatched ellipsoid is the region of the plot 
where the N and C abundances from the AGB companion should lie to ensure that the 
observed abundances are reproduced after dilution. Th e unfilled asterisk represents possible 
former AGB star with initial mass 2.5M computed by lKarakas fe Lattanziol (120071 ) models. 
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Fig. 3. — Abundance ratios of O and C with respect t o Fe as observed i n HE 0338-3945 
with appropriate error b a rs (fi lled asterisk, taken from iJonsell et al.ll2006l ). and predicted 
by iKarakas fe Lattanziol (120071 ) AGB stars at [Fe/H] = —2.3, with labels indicating the 
initial masses. The cross represents the abundance ratios which have considered the NLTE 
effects for O and 3D effects for C, respectively. The initial composition is scaled from solar. 
The hatched ellipsoid is the region of the plot where the observed abundances of O and C 
can be reproduced by the a bundances after dilution from the AGB companion predicted by 
Karakas fe Lattanziol ( 120071 ) models. 
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Fig. 4. — The abundance pattern of HE 0338-3945 (filled circles and downward arrows) com- 
pare with predictions from s-process calculations of par ametric AGB model with r- process 
contribution considered (red solid line), predictions from lKarakas fc Lattanziol ( 1200 71 ) 2.5M Q 
star model with [Fe/H] = —2 .3 (black solid line) , and the abundance pattern of a r-II star 
CS 22892-052 (adopted from ISneden et al.l l2003h scaled to the Eu abundance of HE 0338- 
3945 (blue dash dot line). The estimated absolute error bars are shown. The bottom panel 
displays the difference, defined as Aloge(X) = \oge(X) b s — loge(X) ca ; c , and upper limits are 
not shown. Note that none of the displayed C, N and O abundances have been corrected for 
3D or NLTE effects. 
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Fig. 5. — Logarithm abundances loge(Pb), loge(Ba), loge(Sr) and loge(Eu) in r+s star HE 
0338-3945, and reduced \ 2 (bottom) as a function of the neutron exposure At computed by 
a model with C r = 61.0, C s = 0.0050 and r = 0.40. The s e are compared with the observed 
abundances of HE 0338-3945 adopted from IJonseU et al.1 (120061 ). 
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Fig. 6. — Same as those in Fig. 5 but as a function of the overlap factor r in a model with 
At = 0.77 mbarn -1 . 



